The molecular ordering of some biphenyl derivatives like 4-acetyl-2'-nitrobiphenyl (ANBP), 4-nitro-2-biphenylamine (NBPA) and 4-acetyl-3'-chlorobiphenyl (ACBP) has been examined using basic concepts of quantum mechanics and intermolecular forces. The CNDO/2 method has been employed to compute the net atomic charge and atomic dipole components at each atomic centre. The modified Rayleigh-Schrödinger perturbation theory along with the multicentred-multipole expansion method has been employed to evaluate long-range interactions while a '6-exp' potential function has been assumed for short-range interactions. Accuracies upto 0.1 A in translation and 1° in rotation have been achieved. Probability of occurrence of a particular configuration has been calculated using MB-statistics. On the basis of stacking and in-plane interaction energy calculations, all possible geometrical arrangements between molecular pairs have been considered and a most favorable configuration of pairing has been obtained. A comparative picture of molecular parameters like total energy, binding energy, total dipole moment etc. has been given. An attempt has been made to develop a molecular model correlated with the liquid crystalline property exhibited by this class of molecules.
Introduction
The role of molecular forces and conformational properties in the mesomorphic behaviour has attracted the attention of a large number of workers [ 1 -8] . Liquid crystal properties, such as the nematic-isotropic transition temperature and the entropy of transition, are influenced by the presence of alkyl chains. Semi-empirical calculations have been performed by several workers to examine from an energetic point of view the (i) internal distorsions and (ii) possibilities of motion in the aromatic core as well as in the terminal alkyl chains of mesomorphic compounds. Perrin and Berges have employed PCILO (Perturbational Configuration Interaction of Localized Orbitals) and INDO (Intermediate Neglect of Differential Overlap) methods to analse the influence of the conjugation between the oxygen lone pairs and the benzene ring on the internal rotations in several mesomorphic compounds. Further, it has been argued that a detailed analysis of pair interactions between the molecules of crystal lattices is expected to offer a better understanding of mesomorphism [9] . Tokita et al. [10] used a Lennard-Jones potential to evaluate intermolecular interactions between a couple of pure nematogens and attempted to correlate their results with the molecular field theory [11] [12] [13] . Inspired by the success of Tokita et al. [10] , Sanyal et al. [14] [15] [16] , using quantum mechanical methods such as CNDO (Complete Neglect of Differential Overlap) and perturbation techniques, have analysed various types of intermolecular interactions acting between sides, planes and terminals of a pair of molecules. It has been shown that the stability of molecular packing stemms is solely from dispersion forces, which is in agreement with the basic assumptions of molecular field theory [11, 13] .
In the present paper, an attempt has been made to explain the behaviour of compounds using theoretical methods at varied angular and positional configurations in a molecular pair of 4-acetyl-2'-nitrobiphenyl (ANBP). The system chosen for the present investigation is not strictly liquid crystal line but seems to be quite interesting since it can be converted in to a liquid crystal by the choice of suitable substituents.
Method of Calculation
The net atomic charge and dipole moment components at each atomic centre have been computed using the CNDO/2 method [17] . Second order perturbation theo- disp , and E iep represent electrostatic, polarization, dispersion and repulsion energy components, respectively. The energy values obtained from these computations were used to calculate the probability of each configuration using the Maxwell-Boltzmann formula [20] , The details of the formulae may be found in my earlier communications [21] [22] [23] [24] , Energy minimization has been carried out separately for both, stacking and in-plane interactions. A detailed account of the interaction energy and probability distribution has been given for an intermediate distance 6 Ä for stacking and 8 Ä for in-plane interactions. Accuracies up to 0.1 Ä in translation and 1 ° in rotation have been achieved. A selection of intermolecular separations has been made to allow the molecules to have full freedom corresponding to rotation and translation relative to each other. The origin has been chosen on an atom close to the centre of mass of the molecule, the X-axis along a bond parallel to the long molecular axis, the F-axis in the plane of the molecules and the Z-axis perpendicular to the molecular plane. The molecular geometry has been constructed on the basis of the published crystallographic data [25] ,
Results and Discussion
The molecular geometry of ANBP is shown in Fig. 1 with various atomic index numbers. The net charge and dipole moment component corresponding to each of the atomic centres are listed in Table 1 , while the total energy, binding energy and total dipole moment along with its components are given in Table 2 . Table 3 represents a comparative picture of the total energy, binding energy and total dipole moments of ANBP with other systems like NBPAand ACBP (see Abstract). As evident from the Table 3 0.000 0.000 0.000
A study of the variation of the total stacking energy as a function of interplanar separation between two ANBP molecules corresponding to four distinct sets of rotations, viz.X(0°) F(0°),X(180°) F(0°),X(0°) 7(180°),X(180°) F(180°) has been carried out, and it has been observed that the optimum interplanar separation between a pair of stacked ANBP molecules exclusively depends upon Fig. 2 . Variation of the probability with respect to rotation about the Z-axis corresponding to the configuration indicated in the figure. the rotations given in one of the molecules about the X-axis and X-axis with respect to the other. The complex corresponding to X(0°) 7(0°) is more stable than the others. A deep and sharp minimum is observed for the rotational set of X(0°) Y(0°), where the two molecules of ANBP exactly overlapp one can other with their planes separated by 6 Ä. The variation of the probability with respect to rotation about the Z-axis is shown in Figure 2 . The probabilities of various stacked complexes were evaluated at an interval of 10° and show a sharp maximum at their minimum energy point. Having refined the interacting configuration with respect to translation along the Z-axis and rotation about the Z-axis at an equilibrium condition, the energy is brought down and the probability is further investigated with respect to translational motion in a stacked molecular pair along the K-axis (Fig. 3) , where it may be seen that the molecules in a stacked pair are capable of sliding along the K-axis without much change of probability in a suitably good range. Fig. 3 . Variation of the probability with respect to translation along the F-axis during stacking interaction.
The variation of the in-plane interaction energy components with respect to translation along the long molecular axis (X-axis) has been carried out corresponding to a particular rotation of 0° about the F-axis and the interaction energy is calculated by allowing translation in the range of ± 26 Ä at an interval of 2 Ä. It has been observed that long-range forces are less significant than shortrange forces during in-plane interactions. Dispersion component is mainly responsible for the attractions between the pairs of ANBP molecules. the variation of the probability with respect to translation along the X-axis, while a similar analysis is presented in Fig. 5 for translation along the F-axis. It may be observed that the molecule can be translated both along the X-and F-axis upto a suitable good range.
The energy corresponding to the optimum angle obtained initially has been further refined with an accuracies of 1 ° in rotation and 0.1 A in translation. The final lowest energy stacked geometry is shown in Fig. 6a with an energy -12.36 kcal/mole. The in-plane minimum energy configuration is presented in Fig. 6b , which bears an energy -7.56 kcal/mole. The details of stacking as well as in-plane energy are listed in Table 4 with all the contributory terms to enable comparison. The interaction energy calculations for all possible configurations show that in a close packed structure, dispersion forces play a key role in stabilizing both the stacking and in-plane interactions.
Further, it may be observed that the large interaction energy valve and minimum energy configuration with the long molecular axes almost parallel to one another suggests a strong tendency to maintain order and conse- quent existence of liquid crystallinity of the molecule. Therefore, unlike stacking which has a large contribution due to dispersion forces, in-plane attractions require more thermal activation and hence account for the high melting point of the system. At the melting point, thermal agitation will overcome the bindings of ANBP molecules in the crystal and the system will pass directly to the isotropic melt. However, the inherent tendency of the molecule to retain order even after melting does not escape the notice. Hence, if a suitable functional group is attached to the molecule, so that the length to breath ratio is increased with the dispersion energy, the molecules will show a change in long-range order, transition temperature and other related liquid crystalline properties.
The present computational analysis suggests a strong intermolecular interaction energy between two ANBP molecules, and a specific minimum energy configuration determines the alignment of the molecules with respect to one another. This may be correlated with the liquid crystalline property exhibited by this class of molecules. Also, the effect of substitution and its thermal stability may be predicted to a reasonable extent.
